








THEORETICAL PROGRESS IN K AND B DECAYS
Andrzej J. Buras






We review several aspects of the recent theoretical progress in K and B decays
including the impact of the top quark discovery on rare and CP violating decays. In
particular we summarize the present status of next-to-leading QCD calculations in
this eld stressing their importance in the determination of the parameters in the
Cabibbo-Kobayashi-Maskawa matrix.
1. Introduction
An important target of particle physics is the determination of the unitary 33














































The CP violation in the standard model is supposed to arise from a single phase in
this matrix. It is customary these days to express the CKM-matrix in terms of four
Wolfenstein parameters [3] (;A; %; ) with  =j V
us
j= 0:22 playing the role of an
















































and  enter the standard exact parametrization [5] of the CKM matrix. This



























turn out [4] to be excellent approximations to the exact expressions.
Fig. 1
A useful geometrical representation of the CKMmatrix is the unitarity triangle























and depicting the result in the complex (; ) plane as shown in g.




















































The triangle in g. 1, j V
us
j and j V
cb
j give the full description of the




we observe that within the standard model the









j can tell us whether CP violation ( 6= 0) is predicted in the standard model.
This is a very remarkable property of the Kobayashi-Maskawa picture of CP violation:
quark mixing and CP violation are closely related to each other.
There is of course the very important question whether the KM picture of CP
violation is correct and more generally whether the standard model oers a correct
description of weak decays of hadrons. In order to answer these important questions
it is essential to calculate as many branching ratios as possible, measure them exper-
imentally and check if they all can be described by the same set of the parameters
(;A; %; ). In the language of the unitarity triangle this means that various curves
in the (%; ) plane extracted from dierent decays should cross each other at a single
point which determines the apex of the unitarity triangle in g. 1. Moreover the an-
gles (; ; ) in the resulting triangle should agree with those extracted one day from
CP-asymmetries in B-decays.
3There is a common belief that during the coming fteen years we will certainly
witness a dramatic improvement in the determination of the CKM-parameters. To
this end, however, it is essential not only to perform dicult experiments but also to
have accurate formulae which would allow a condent and precise extraction of the
CKM-parameters from the existing and future data. We will review what progress has
been done in this direction.
Clearly the discovery of the top quark [6, 7] and its mass measurement had an
important impact on the eld of rare decays and CP violation reducing considerably
one potential uncertainty. In loop induced K and B decays the relevant mass parameter















= 199  30 GeV corresponds to m

t








2.1. OPE and Renormalization Group
The basic framework for weak decays of hadrons containing u, d, s, c and b
quarks consists of the Operator Product Expansion (OPE) combined with the renor-
malization group techniques. In this framework the amplitude for a decay M ! F is
written as


















is an eective hamiltonian relevant for a given decay, M stands for the
decaying meson, F for a given nal state and V
CKM
denotes the relevant CKM factor.
Q
i
() denote the local operators generated by QCD and electroweak interactions.
C
i
() stand for the Wilson coecient functions. The scale  separates the physics
contributions in the \short distance" contributions (corresponding to scales higher
than ) contained in C
i
() and the \long distance" contributions (scales lower than
) contained in < F j Q
i
() j M >. Since physical amplitudes cannot depend on ,
the -dependence of C
i
() must be cancelled by the one present in hQ
i
()i. It should
be stressed, however, that this cancellation generally involves many operators due to
the operator mixing under renormalization.
The  dependence of C
i



















) are the initial conditions which






























with g denoting QCD eective coupling constant. (g) governs the evolution of g and
^ is the anomalous dimension matrix of the operators involved. The structure of this





) sums automatically large logarithms logM
W
=
which appear for  << M
W







are summed. The next-to-leading logarithmic correction








and so on. This
hierarchic structure gives the renormalization group improved perturbation theory.

































where P and J are given in terms of the coecients in the perturbative expansions




) in the case of operator mixing
and valid also for electroweak eects can be found in ref.[23]. The leading logarithmic
approximation corresponds to setting J = 0 in (11).
2.2. Classication of Operators



























































































































































































S = 2 and B = 2 Operators:









































The rather formal expression for the decay amplitudes given in (8) can always
be cast in a more useful form [8]:

























the Inami-Lim functions, result from the evaluation of loop diagrams with internal




. In the case of
current-current operators F
i




short distance QCD corrections which can be calculated by formal methods discussed
above. Finally B
i
stand for nonperturbative factors related to the hadronic matrix
elements of the contributing operators: the main theoretical uncertainty in the whole
enterprise. In semi-leptonic decays such as K ! , the non-perturbative B-factors







reducing or removing the non-perurbative uncertainty. In non-leptonic decays this is
generally not possible and we have to rely on existing non-perturbative methods. A
well known example of a B
i































Sofar we have discussed only exclusive decays. During the recent years con-
siderable progress has been made for inclusive decays of heavy mesons. The starting
point is again the eective hamiltonian in (8) which includes the short distance QCD
eects in C
i
(). The actual decay described by the operators Q
i
is then calculated in
the spectator model corrected for additional virtual and real gluon corrections. Sup-
port for this approximation comes from the 1=m
b
expansions. Indeed the spectator
model has been shown to correspond to the leading order approximation in the 1=m
b
expansion. The next corrections appear at the O(1=m
2
b
) level. The latter terms have
been studied by several authors [10, 11, 12] with the result that they aect various
branching ratios by less than 10% and often by only a few percent. There is a vast
literature on this subject and I can only refer here to recent reviews [12, 13] where
further references can be found. Of particular importance for this eld was also the
issue of the renormalons which are nicely discussed in [14, 15].
3. Theoretical Progress in K and B Decays
It is impossible to review adequately the full theoretical progress here. Let me
then list only a few achievements of the last ve years which in my opinion should be
considered as important contributions to the eld of weak decays.
 Calculation of NLO corrections to the Wilson coecients for nearly all decays
(ordinary, rare and CP- violating) [16].
6 Applications of heavy quark eective theory to exclusive decays which resulted
in particular in an improved determination of V
cb
[17].
 Heavy Quark Expansions for inclusive decays (see reviews in [12, 13]), which by
putting the spectator model on a rmer ground allow for an improved determi-
nation of V
cb
in agreement with the exclusive determination [12, 15].





 Identication of decays nearly without any hadronic uncertainties.
In this review I will mainly discuss the rst and the last item on this list, incorporating
in this discussion the achievements related to the remaining three items.
4. Weak Decays Beyond Leading Logarithms
4.1. General Remarks
Until 1989 all the calculations in the eld of weak decays were done in the
leading logarithmic approximation except for [18] where NLO QCD corrections to the
Wilson coecients of the current-current operators have been calculated. Today the
eective hamiltonians for weak decays are available at the next-to-leading level for the
most important and interesting cases due to a series of publications listed in table 1.
We will discuss this list briey below. An extended version of this discussion appeared
recently [19]. A very detailed review of the existing NLO calculations will appear soon
[16].
Let us recall why NLO calculations are important for the phenomenology of
weak decays.
 The NLO is rst of all necessary to test the validity of the renormalization group
improved perturbation theory.
 Without going to NLO the QCD scale 
MS
extracted from various high energy
processes cannot be used meaningfully in weak decays.
 Due to renormalization group invariance the physical amplitudes do not depend
on the scales  present in 
s







(). However in perturbation theory this property is bro-
ken through the truncation of the perturbative series. Consequently one nds
sizable scale ambiguities in the leading order, which can be reduced considerably
by going to NLO.
 The central issue of the top quark mass dependence is often a NLO eect.
7Decay Reference
F = 1 Decays
current-current operators [18, 20]
QCD penguin operators [21, 23, 24, 25]
electroweak penguin operators [22, 23, 24, 25]





























































Table 1. References to NLO Calculations
4.2. Current-Current Operators




have been rst calculated
by Altarelli et al.[18] using the Dimension Reduction Scheme (DRED) for 
5
. In 1989
these coecients have been calculated in DRED, NDR and HV schemes for 
5
by Peter
Weisz and myself [20]. The result for DRED obtained by the Italian group has been




show a rather strong renormalization scheme
dependence which in physical quantities should be cancelled by the one present in the




. This cancellation has been shown explicitly in [20]









() in these schemes can be
found in [39].
4.3. NLO Corrections to B
SL





culation of the non-leptonic width for B-Mesons which is relevant for the theoretical
prediction of the inclusive semileptonic branching ratio B
SL
in B-decays. This calcu-
lation can be done within the spectator model corrected for small non-perturbative
corrections [12] and more important gluon bremsstrahlung and virtual gluon correc-
tions. The calculation of B
SL
for massless nal quarks has been done by Altarelli et
al.[18] in the DRED scheme and by Buchalla [27] in the HV scheme. The results of
these papers agree with each other.
Unfortunately the theoretical branching ratio based on the QCD calculation
of refs. [18, 27] give typically B
SL
= 12:5   13:5% [40] whereas the experimental
8world average [5] is B
exp
SL









=  0:2% [12]. On the other hand Bagan et al. [28] have demonstrated
that including mass eects in the QCD calculations of refs.[18, 27] (in particular in
the decay b ! ccs (see also [41] )) and taking into account various renormaliza-
tion scale uncertainties improves the situation considerably. Bagan et al. nd [28]:
B
SL




= (11:2  1:7)% for the pole quark masses and MS
masses respectively. Within existing uncertainties, this result does not disagree signif-
icantly with the experimental value, although it is still somewhat on the high side.
4.4. S = 2 and B = 2 Transitions
The M
12






mixing is given as follows
M
12































































) denoting the Inami-Lim functions resulting from
box diagrams and 
i
representing QCD corrections. The parameter B
K
is dened in








mixing is dominated by the box
diagrams with top quark exchanges and given by
jM
12

























where we have set V
tb








. In the leading
order 
i













are known including NLO
corrections [30, 29, 31]. It has been stressed in these papers that the LO results for

i
suer from sizable scale uncertainties, as large as 20% for 
1
and 10% for the
remaining 
i
. As demonstrated in [30, 29, 31] these uncertainties are considerably
































) = 170 15 GeV one nds:

1
= 1:3 0:2 
2
= 0:57 0:01 
3
= 0:    0:04 
B
= 0:55 0:01 (25)
where the "**" in 
3
will be public soon [31]. It should be stressed that 
i
given here




non-perturbative factors (see (22)) are
renormalization group invariant. Let us list the main implications of these results:
 The enhancement of 
1





mass dierence so that for B
K
= 3=4 as much as 80% of the
experimental value can be attributed to this contribution [29].




combined with the analysis of the CP
violating parameter "
K
allow an improved determination of the parameters  and
% in the CKM matrix [4, 31].
9 Similarly the improved calculation of 
B












































This using all uncertainties (see below) gives:
j V
td
j= (9:6 3:0)  10
 3
=> (9:3 2:5)  10
 3
(27)
with the last number obtained after the inclusion of the "
K
-analysis [4].
Concerning the parameter B
K
, the most recent analyses using the lattice methods
[47, 48] (B
K
= 0:83 0:03) and the 1=N approach of [49] modied somewhat in [50]
give results in the ball park of the 1=N result B
K
= 0:70  0:10 obtained long time
ago [49]. In particular the analysis of Bijnens and Prades [50] seems to have explained
the dierence between these values for B
K
and the lower values obtained using the
QCD Hadronic Duality approach [51] (B
K
= 0:39 0:10) or using SU(3) symmetry
and PCAC (B
K





> 250 GeV in order to explain the experimental value of " [53, 4, 31].
There is a vast literature on the lattice calculations of F
B
. Based on a review
by Chris Sachrajda [54], the recent extensive study by Duncan et al. [55] and the
analyses in [56] we conclude: F
B
d
= (180 40) MeV . This together with the earlier









= 195 45 MeV . The
reduction of the error in this important quantity is desirable. These results for F
B
are




< 195 MeV using QCD dispersion relations has also recently been
obtained [58].
4.5. S = 1 Hamiltonian and "
0
="
The eective Hamiltonian for S = 1 transitions is given as follows:
H
eff






























). The coecients of all ten operators are known includ-
ing NLO QCD and QED eects in NDR and HV schemes due to the independent
work of Munich and Rome groups [21, 22, 23, 24, 25]. A direct application of these
results is the calculation of Re("
0
=") which measures the ratio of direct to indirect
CP violation in K !  decays. In the standard model "
0
=" is governed by QCD
penguins and electroweak (EW) penguins [59]. With increasing m
t
the EW-penguins
become increasingly important [60, 43] and entering "
0
=" with the opposite sign to




 200 GeV the ratio can even
be zero [43]. This strong cancellations between these two contributions was one of the
prime motivations for the NLO calculations performed in Munich and Rome. Although
these calculations can be regarded as an important step towards a reliable theoretical
prediction for "
0




plagued with uncertainties related to non-perturbative B-factors which multiply m
t
dependent functions in a formula like (21). Several of these B-factors can be extracted
from leading CP-conserving K !  decays [23]. Two important B-factors (B
6
=




= the dominant electroweak penguin (Q
8
))




An analytic formula for Re("
0























































) = 0:175  x
0:93
t
: Note the strong dependence on 
MS
pointed out in [23].
For m
t




)  150  20 MeV [62] and using "
K
-analysis to
determine  one nds using the formulae in [23, 61] roughly











= 1:0  0:2 and B
8
= 1:0  0:2 are used. Such values are found in the 1=N





A very recent analysis of the Rome group [63] gives a smaller range, Re("
0
=") =
(3:1  2:5)  10
 4
, which is however compatible with (30). Similar results are found
with hadronic matrix elements calculated in the chiral quark model [67]. However "
0
="
obtained in [68] is substantially larger and about 2  10
 3
.
The experimental situation on Re("
0
=") is unclear at present. While the result
of NA31 collaboration at CERN with Re("
0
=") = (23 7)  10
 4
[69] clearly indicates
direct CP violation, the value of E731 at Fermilab, Re("
0
=") = (7:4 5:9)  10
 4
[70] is
compatible with superweak theories [71] in which "
0
=" = 0. The E731 result is in the
ball park of the theoretical estimates. The NA31 value appears a bit high compared
to the range given in (30).
Hopefully, in about ve years the experimental situation concerning "
0
=" will
be claried through the improved measurements by the two collaborations at the 10
 4
level and by experiments at the  factory in Frascati. One should also hope that the
theoretical situation of "
0
=" will improve by then to confront the new data.
4.6. B = 1 Eective Hamiltonian




(with corresponding changes of avours) is also known including NLO corrections [23].
It has been used in the study of CP asymmetries in B-decays [72].
























































are given by (19) with

bs replaced by sd.
Whereas in K !  decays the CP violating contribution is a tiny part of the
full amplitude and the direct CP violation is expected to be at least by three orders
of magnitude smaller than the indirect CP violation, the corresponding hierarchies








. At lowest order in electroweak
interactions this decay takes place only if CP symmetry is violated [73]. Moreover, the
direct CP violating contribution is predicted to be larger than the indirect one. The
CP conserving contribution to the amplitude comes from a two photon exchange. The
studies in [74, 75] indicate that it is smaller than the direct CP violating contribution.









has been measured [76]. On the other hand the direct
CP violating contribution can be fully calculated as a function ofm
t
, CKM parameters
and the QCD coupling constant 
s
. There are practically no theoretical uncertainties
related to hadronic matrix elements in this part, because the relevant matrix ele-











. The NLO QCD corrections to the direct CP violating part have been
calculated in [36] reducing certain ambiguities present in leading order analyses [77]
and enhancing somewhat the theoretical prediction. For m
t












= (5: 2:)  10
 12
(32)
where the error comes dominantly from the uncertainties in the CKM parameters.























 (0:3  1:8)  10
 12
for the indirect CP violating and the CP conserving contributions respectively [75].



















are still by three orders of magnitude away from the theoretical expectations in the





in ve years are encouraging [80].
4.8. B ! X
s

The eective hamiltonian for B ! X
s
 at scales  = O(m
b
) is given by
H
eff




























The perturbative QCD eects are very important in this decay. They are known
[81, 82] to enhance B ! X
s
 in the SM by 2{3 times, depending on the top quark
mass. Since the rst analyses in [81, 82] a lot of progress has been made in calculating
the QCD eects begining with the work in [83, 84].
A peculiar feature of the renormalization group analysis in B ! X
s
 is that






















) are necessary. The corresponding NLO analysis
requires the evaluation of the mixing in question at the three-loop level.




are only known in the leading loga-
rithmic approximation. However the peculiar feature of this decay mentioned above
caused that the rst fully correct calculation of the leading anomalous dimension ma-
trix has been obtained only in 1993 [85, 86]. It has been conrmed subsequently in
[87, 88, 37]. The NLO corrections are only partially known. The two-loop mixing




is the same as in section 4.5. The two-loop mixing




) has been calculated last year [26]. The three loop mixing



















) have been considered in [89]. Gluon correc-
tions to the matrix elements of magnetic penguin operators have been calculated in
[90, 91].
The leading logarithmic calculations of Br(B ! X
s
) [83, 86, 87, 37, 90, 92]
are based on the spectator model corrected for short-distance QCD eects discussed
above. As we have stressed previously support for this approximation comes from
the 1=m
b
expansions. A critical analysis of theoretical and experimental uncertainties
present in the LO prediction for Br(B ! X
s





= (2:8 0:8) 10
 4
: (35)
where the error is dominated by the uncertainty in choice of the renormalization scale
m
b
=2 <  < 2m
b
as rst stressed by Ali and Greub [90] and conrmed in [92]. Since
B ! X
s
 is dominated by QCD eects, it is not surprising that this scale-uncertainty
in the leading order is particularly large.
The B ! X
s
 decay has already been measured. In 1993 CLEO reported [93]
Br(B ! K

) = (4:5 1:5 0:9) 10
 5
: In 1994 rst measurement of the inclusive
rate has been presented by CLEO [94]:
Br(B ! X
s
) = (2:32 0:57 0:35) 10
 4
: (36)
where the rst error is statistical and the second is systematic. This result agrees with
(35) very well although the theoretical and experimental errors should be decreased in
the future in order to reach a denite conclusion and to see whether some contributions
beyond the standard model are required. In any case the agreement of the theory
with data is consistent with the large QCD enhancement of B ! X
s
 . Without
this enhancement the theoretical prediction would be at least by a factor of 2 below
the data. The partial inclusion of NLO corrections done in [95] lowers the theoretical
branching ratio down to Br(B ! X
s
) = (1:9  0:2  0:5)  10
 4
, We have to wait
however for the nal complete NLO calculation which should considerably reduce
theoretical uncertainties in the leading order as formally demonstrated in [92].













at scales  = O(m
b

































(b ! s) is given in (34). In addition to the operators relevant for B !
X
s













except for an appropriate change of quark avours and the fact that
now  = O(m
b
) instead of  = O(1 GeV ) should be considered. There is a large
literature on this dacay. In particular Hou et al [96] stressed the strong dependence








. Further references to phenomenology can be found in [38].
The QCD corrections to this decay have been calculated over the last years
with increasing precision by several groups [97, 98, 99, 37] culminating in two complete
next-to-leading QCD calculations [37, 38] which agree with each other. An extensive
numerical analysis of the dierential decay rate including NLO corrections has been
presented in [38]. The NLO corrections enhance the leading order results by roughly
15%. The dierential decay rate normalized to  (B ! X
c
















= 170GeV and 
MS
= 225MeV


























, B !  and B ! X
s
 are the theoretically




 , B !  and B ! X
s






receives additional sizable contributions from internal charm exchanges. The decay
K
L
!  receives substantial long distance contributions and consequently suers
from large theoretical uncertainties. This is very unfortunate because with the existing
data this decay could oer a good determination of the parameter % in the CKM
matrix. The most accurate is the measurement from Brookhaven [101]: Br(K
L
!
) = (6:86 0:37)  10
 9
, which is somewhat lower than the KEK-137 result: (7:9
0:6  0:3)  10
 9





= (1:5  0:8)  10
 9
. Details on this decay can be found










The NLO QCD corrections to all these decays have been calculated in a series
of papers by Buchalla and myself [32, 33, 34, 35]. These calculations considerably
reduced the theoretical uncertainties due to the choice of the renormalization scales
present in the leading order expressions [104]. Since the relevant hadronic matrix
















) are only functions of the CKM parameters, the QCD scale 
MS
and




. The long distance contributions to K !  have been
considered in [105] and found to be very small. Similar comments apply to B ! 
and B ! X
s
 except that B !  depends on the B-meson decay constant F
B
which brings in the main theoretical uncertainty.

































































































 . We should remark
that (38) is an approximation. A more accurate formula is given in [34].
Similarly for B
s
!  one has [33]
Br(B
s
































The impact of NLO calculations is best illustrated by giving the scale uncer-





) = (1:00 0:20)  10
 10







) = (3:00 0:30)  10
 11





! ) = (4:10 0:50)  10
 9
=> (4:10 0:05)  10
 9
(44)
The reduction of the scale uncertainties is truly impressive.




) is 5:2  10
 9
[106] (a
preliminary result from this group is 3:0  10
 9
). An improvement by one order of
magnitude is expected at AGS in Brookhaven for the coming years. The present




) from Fermilab experiment E799I is 5:8  10
 5
[107].
FNAL-E799II expects to reach the accuracy O(10
 8
) and the future experiments at
FNAL and KEK will hopefully be able to reach the standard model expectations. The
















From tree level K decays sensitive to V
us






 = 0:2205 0:0018 j V
cb



















= 0:36 0:14 (47)
The main recent progress here, is the improved determination of j V
cb
j due to experi-
mental [108] and theoretical eorts [17, 12, 15]. Although some further reduction of the
errors could be expected in the future, it is dicult to imagine at present that in tree
level B-decays a better accuracy than  j V
cb
j= 2  10
 3








= 0:04) could be achieved unless some dramatic improvements in the theory
and experiment will take place. It is therefore of interest to look simultaneously at
other decays in order to improve the determination of these parameters. For instance
as stressed in [109, 110], it is in principle possible to determine all CKM parameters
without any hadronic uncertainties although this will require heroic experimental ef-
forts. Indeed using the loop induced decays or transitions which are fully governed
by short distance physics simultaneously with CP asymmetries in B-decays clean and








j, % and  can be achieved. In
this respect the most promising from the theoretical point of view are the following



























). Let us summarize their main virtues one-by-one.
5.2. CP-Asymmetries in B
o
-Decays





allows in the standard model a
direct measurement of the angle  in the unitarity triangle without any theoretical un-
certainties. This has been rst pointed out by Bigi and Sanda [111], analyzed in detail








gives the angle , although in this case strategies involving other
channels are necessary in order to remove hadronic uncertainties related to penguin
contributions [113]. The determination of the angle  from CP asymmetries in neutral
B-decays is more dicult but not impossible [114]. Also charged B decays could be
useful in this respect [115].
Since in the usual unitarity triangle one side is known, it suces to measure
two angles to determine the triangle completely. This means for instance that the mea-











can determine the parameters % and . The main virtues of this determination are as
follows:
 No hadronic or 
MS
uncertainties.





As various analyses [4, 116, 63] of the unitarity triangle show, sin(2) is expected to be
large: sin(2)  0:6 0:2. The predictions for sin(2) and sin(2) are very uncertain










 is the theoretically cleanest decay in
the eld of rare K-decays. Moreover it proceeds almost entirely through direct CP
violation [118]. The main features of this decay are:
 No hadronic uncertainties
 
MS
and renormalization scale uncertainties at most 1% [33].















 is CP conserving and receives contributions from both internal




 is the second best decay in the eld of rare
decays. The main features of this decay are:





and renormalization scales uncertainties at most (5  10)% [34].








































mixing parametrized by x
s


























































pendences have been eliminated this way and R
ds
contains much smaller theoretical









has been accurately measured a determination of R
t
within 10% should be






= 1:22  0:04. It















= 0:62 0:07. Consequently rescaling the results of [4], obtained for R
ds
= 1, the
range 12 < x
s
< 39 follows. Such a large mixing will not be easy to measure. The












 Hadronic uncertainty in SU(3){avour breaking eects of roughly 10%.
5.6. sin(2) from K ! 


















this determination is not precise however [117]. On the other hand it has













 oer a clean determination




















sin(2) = 0:60 0:06 0:03 0:02 (49)




and the last is due to the residual renormalization scale uncertainties. This
determination of sin(2) is competitive with the one expected at the B-factories at
the beginning of the next decade.
17
Central I II III
sin(2) 0:40 0:08 0:04 0:02
sin(2) 0:70 0:06 0:02 0:01
m
t





) 3 0:30 0:15 0:15
% 0:072 0:040 0:016 0:008

























9:1 0:9 0:6 0:6
Table 2. Determinations of various parameters in scenarios I-III
5.7. Precise Determinations of the CKM Matrix
Using the rst two nalists and  = 0:22050:0018 [120] it is possible to deter-
mine all the parameters of the CKM matrix without any hadronic uncertainties [109].
As illustrative examples we consider in table 2 three scenarios. The rst four rows
give the assumed input parameters and their experimental errors which are expected
in the next decade. The remaining rows give the results for selected parameters. The




) to be achieved in the next 15 years are most
probably unrealistic, but I show this exercise anyway in order to motivate this very
challenging enterprise. Table 2 shows very clearly the potential of CP asymmetries




 in the determination of CKM parameters. It should
be stressed that this high accuracy is not only achieved because of our assumptions
about future experimental errors in the scenarios considered, but also because sin(2)




) depends strongly on j V
cb
j
and most importantly because of the clean character of the quantities considered.
This results should be compared with the expectations from a "standard"











the last two extracted from tree level decays. As a typical analysis [4] shows, even
with optimistic assumptions about the theoretical and experimental errors it will be
dicult to achieve the accuracy better than % = 0:15 and  = 0:05 this way.
In the last two rows of table 2 we show the results for j V
cb







) = (1:00:1) 10
 10





) = (1:0  0:05)  10
 10





with all other input parameters unchanged. We observe that due to the uncertainties









the determinations of j V
cb
j and j V
td
j are less accurate, but still very interesting. In
particular the error on j V
td
j is much smaller than the one given in (27).
An alternative strategy is to use the measured value of R
t
instead of sin(2).
The result of this exercise is shown in table 3. Again the last two rows give the results
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Central I II III
R
t
1:00 0:10 0:05 0:03
sin(2) 0:70 0:06 0:02 0:01
m
t





) 3 0:30 0:15 0:15
% 0:076 0:111 0:053 0:031

























9:1 1:3 0:8 0:7












The consistency of the determinations presented in tables 2 and 3 will oer
an important test of the standard model. Of particular interest will also be the com-
parison of j V
cb
j determined as suggested here with the value of this CKM element









, the tree-level decays are to an excellent approximation insensitive to any
new physics contributions from very high energy scales, the comparison of these two
determinations of j V
cb
j would be a good test of the standard model and of a possible
physics beyond it.
6. Final Remarks
In this compact review we have concentrated on rare decays and CP violation in
the standard model. The structure of rare decays and of CP violation in extensions of
the standard model may deviate from this picture. Consequently the situation in this
eld could turn out to be very dierent from the one presented here. However in order
to distinguish the standard model predictions from the predictions of its extensions
it is essential that the theoretical calculations reach acceptable precision. In this
context we have emphasized the importance of the QCD calculations in rare and CP
violating decays. During the recent years a considerable progress has been made in this
eld through the computation of NLO contributions to a large class of decays. This
eort reduced considerably the theoretical uncertainties in the relevant formulae and
thereby improved the determination of the CKM parameters to be achieved in future
experiments. At the same time it should be stressed that whereas the theoretical







is fully satisfactory and the status of B ! X
s
 should improve in
the coming years, a lot remains to be done in a large class of non-leptonic decays or
transitions where non-perturbative uncertainties remain sizable.
19
I would like to thank the organizers for inviting me to this symposium and for
their great hospitality.
7. References
[1] N. Cabibbo, Phys. Rev. Lett. 10 (1963) 531.
[2] M. Kobayashi and K. Maskawa, Prog. Theor. Phys. 49 (1973) 652.
[3] L. Wolfenstein, Phys. Rev. Lett. 51 (1983) 1945.
[4] A.J. Buras, M.E. Lautenbacher and G. Ostermaier, Phys. Rev. D 50 (1994)
3433.
[5] Particle Data Group, Phys. Rev. D 50 (1994) 1.
[6] F. Abe et al., CDF, Phys. Rev. D 50 (1994) 2966, Phys. Rev. Lett. 73 (1994)
225, FERMILAB-PUB-94/022-E (1995).
[7] S. Abachi et al., D0, FERMILAB-PUB (1995).
[8] G. Buchalla, A.J. Buras and M.K. Harlander, Nucl. Phys. B 349 (1991) 1.
[9] A.J. Buras, W. Slominski and H. Steger, Nucl. Phys. B 238 (1984) 529; Nucl.
Phys. B 245 (1984) 269.
[10] J. Chay, H. Georgi and B. Grinstein, Phys. Lett. B247 (1990) 399.
[11] J. D. Bjorken, I. Dunietz and J. Taron, Nucl. Phys. B371 (1992) 111.
[12] I. I. Bigi, B. Blok, M. Shifman, N. G. Uraltsev and A. I. Vainshtein, in "B-
Decays" (2nd Edition) edited by S. Stone, World Scientic (1994) page 132. I.I.
Bigi et al, Phys. Lett. B 293 (1992) 430; Erratum 297 (1993) 477; Phys. Lett.
B 323 (1994) 408; I.I. Bigi, UND-HEP-95-BIG01.
[13] T. Mannel, TTP 95-06, hep-ph/9503272.
[14] I.I. Bigi et al. Phys. Rev. D 50 (1994) 2234; M. Beneke, V.M. Brown and
V.I. Zakharov, Phys. Rev. Lett. 73 (1994) 3058; M. Beneke and V.M. Brown,
Nucl. Phys. B426 (1994) 301.
[15] P. Ball, M. Beneke and V.M. Brown, CERN-TH/95-65, hep-ph/9503492.
[16] G. Buchalla, A.J. Buras and M. Lautenbacher, in preparation.
[17] M. Neubert, Phys. Lett. B 338 (1994) 84.
[18] G. Altarelli, G. Curci, G. Martinelli and S. Petrarca, Nucl. Phys. B 187 (1981)
461.
[19] A.J. Buras, MPI-PhT/95-17, to appear in Acta Physica Polonica.
[20] A.J. Buras and P.H. Weisz, Nucl. Phys. B 333 (1990) 66.
[21] A.J. Buras, M.Jamin, M.E. Lautenbacher and P.H. Weisz, Nucl. Phys. B 370
(1992) 69; Nucl. Phys. B 400 (1993) 37.
[22] A.J. Buras, M.Jamin and M.E. Lautenbacher, Nucl. Phys. B 400 (1993) 75.
[23] A.J. Buras, M.Jamin and M.E. Lautenbacher, Nucl. Phys. B 408 (1993) 209.
[24] M. Ciuchini, E. Franco, G. Martinelli and L. Reina, Phys. Lett. B 301 (1993)
263.
[25] M. Ciuchini, E. Franco, G. Martinelli and L. Reina, Nucl. Phys. B 415 (1994)
403.
[26] M.Misiak and M. Munz, Phys. Lett. B344 (1995) 308.
[27] G. Buchalla, Nucl. Phys. B 391 (1993) 501.
[28] E. Bagan, P.Ball, V.M. Braun and P.Gosdzinsky, Nucl. Phys. B 432 (1994) 3;
E. Bagan et al., Phys. Lett. B 342 (1995) 362; CERN-TH/95-25.
20
[29] S. Herrlich and U. Nierste, Nucl. Phys. B419 (1994) 292.
[30] A.J. Buras, M. Jamin, and P.H. Weisz, Nucl. Phys. B 347 (1990) 491.
[31] S. Herrlich and U. Nierste in preparation.
[32] G. Buchalla and A.J. Buras, Nucl. Phys. B 398 (1993) 285.
[33] G. Buchalla and A.J. Buras, Nucl. Phys. B 400 (1993) 225.
[34] G. Buchalla and A.J. Buras, Nucl. Phys. B 412 (1994) 106.
[35] G. Buchalla and A.J. Buras, Phys. Lett. B 336 (1994) 263.
[36] A. J. Buras, M. E. Lautenbacher, M. Misiak and M. Munz, Nucl. Phys. B423
(1994) 349.
[37] M. Misiak, Nucl. Phys.B393 (1993) 23; Erratum, Nucl. Phys.B439 (1995) 461.
[38] A.J. Buras and M. Munz, TUM-T31-82/94, hep-ph/9501281.
[39] A.J. Buras, Nucl. Phys. B 434 (1995) 606.
[40] G. Altarelli and S. Petrarca, Phys. Lett. B 261 (1991) 303.
[41] M.B. Voloshin, TPI-MINN-94/35-T.
[42] F.J. Gilman and M.B. Wise, Phys. Rev. D 27 (1983) 1128.
[43] G. Buchalla, A.J. Buras and M.K. Harlander, Nucl. Phys. B 337 (1990) 313.
[44] W.A. Kaufman, H. Steger and Y.P. Yao, Mod. Phys. Lett. A3 (1989) 1479.
[45] J.M. Flynn, Mod. Phys. Lett. A5 (1990) 877.
[46] A. Datta, J. Frolich and E.A. Paschos, Z.Phys. C46 (1990) 63.
[47] S. Sharpe, Nucl. Phys. (Proc. Suppl.) B34 (1994) 403;
[48] N. Ishizuka et al., Phys. Rev. Lett. 71 (1993) 24.
[49] W.A. Bardeen, A.J. Buras and J.-M. Gerard, Phys. Lett. B211 (1988) 343; J-M.
Gerard, Acta Physica Polonica B21 (1990) 257.
[50] J. Bijnens and J. Prades, NORDITA-95/11 hep-ph/9502363.
[51] A. Pich and E. de Rafael, Phys. Lett. B158 (1985) 477; J. Prades et al, Z. Phys.
C51 (1991) 287.
[52] J.F. Donoghue, E. Golowich and B.R. Holstein, Phys. Lett. B119 (1982) 412.
[53] A.J. Buras, Phys. Lett. B 317 (1993) 449.
[54] C.T. Sachrajda, in "B-Decays" (2nd Edition) edited by S. Stone, World Scientic
(1994) page 602.
[55] A. Duncan, E. Eichten, J. Flynn, B. Hill, G. Hockney and H. Thacker,
FERMILAB-PUB-94/164-T.
[56] C.W. Bernard, J.N. Labrenz and A. Soni, Phys. Rev. D 49 (1994) 2536; T.
Draper and C. McNeile, Nucl. Phys. (Proc. Suppl.) 34 (1994) 453.
[57] E. Bagan, P. Ball, V.M. Braun and H.G. Dosch, Phys. Lett. B 278 (1992) 457;
M. Neubert, Phys. Rev. D 45 (1992) 2451;
[58] C.G. Boyd, B. Grinstein and R.F. Lebed, UCSD/PTH 94-27.
[59] F.J. Gilman and M.B. Wise, Phys. Lett. B 83 (1979) 83; J. Bijnens and M.B.
Wise, Phys. Lett. B 137 (1984) 245.
[60] J.M. Flynn and L. Randall, Phys. Lett. B 224 (1989) 221.
[61] A.J. Buras and M.E. Lautenbacher, Phys. Lett. B 318 (1993) 212.
[62] M. Jamin and M. Munz, CERN-TH.7435/94; C.R. Allton et al., Nucl. Phys. B
431 (1994) 667; K.G Chetyrkin et al., MZ-TH/94-21.
[63] M. Ciuchini, E. Franco, G. Martinelli, L. Reina and L. Silvestrini, CERN-
TH.7514/94.
[64] W.A. Bardeen, A.J. Buras and J.-M. Gerard, Phys. Lett. B180 (1986) 133.
21
[65] G.W. Kilcup, Nucl. Phys. (Proc. Suppl.) B20 (1991) 417; S. Sharpe, Nucl. Phys.
(Proc. Suppl.) B20 (1991) 429.
[66] C. Bernard and A. Soni, Nucl. Phys. (Proc. Suppl.) 9 (1991) 155; E. Franco et
al., Nucl. Phys. B 317 (1989) 63.
[67] S. Bertolini, J.O. Eeg and M. Fabbrichesi, CERN-TH. 7306/94.
[68] J. Heinrich, E.A. Paschos, J.-M. Schwarz, and Y. L. Wu, Phys. Lett. B 279
(1992) 140.
[69] G.D. Barr et al. Phys. Lett. B 317 (1993) 233.
[70] L.K. Gibbons et al., Phys. Rev. Lett. 70 (1993) 1203.
[71] L. Wolfenstein, Phys. Rev. Lett. 13 (1964) 562.
[72] R. Fleischer, Z. Phys. C62 (1994) 81; Phys. Lett. B 321 (1994) 259. N.G.
Deshpande and X.-G. He, Phys. Lett. B 336 (1994) 471; G. Kramer, W.F.
Palmer and H. Simma, Nucl. Phys. B 428 (1994) 77.
[73] F.J. Gilman and M.B. Wise, Phys. Rev. D 20 (1979) 934; Phys. Rev. D 21
(1980) 3150. G. Ecker, A. Pich and E. de Rafael, Nucl. Phys. B 303 (1988) 665.
[74] P. Heiliger and L.M. Seghal, Phys. Rev. D 47 (1993) 4920.
[75] A.G. Cohen, G. Ecker, and A. Pich, Phys. Lett. B 304 (1993) 347; A. Pich,
CERN-Th-7114-93 and references therein.
[76] G.D. Barr et al., Phys. Lett. B 304 (1993) 381.
[77] C.O. Dib, I. Dunietz, and F.J. Gilman, Phys. Lett. B 218 (1989) 487; Phys.
Rev. D 39 (1989) 2639; J.M. Flynn and L. Randall, Nucl. Phys. B 326 (1989)
31.
[78] D.A Harris et al., Phys. Rev. Lett. 71 (1993) 3918.
[79] K.E. Ohl et al., Phys. Rev. Lett. 64 (1990) 2755.
[80] L. Littenberg and G. Valencia, Ann. Rev. Nucl. Part. Sci. 43 (1993) 729; B.
Winstein and L. Wolfenstein, Rev. Mod. Phys. 65 (1993) 1113; J.L. Ritchie and
S.G. Wojcicki, Rev. Mod. Phys. 65 (1993) 1149.
[81] S. Bertolini, F. Borzumati and A. Masiero, Phys. Rev. Lett. 59 (1987) 180.
[82] N. G. Deshpande, P. Lo, J. Trampetic, G. Eilam and P. Singer Phys. Rev. Lett.
59 (1987) 183.
[83] B. Grinstein, R. Springer and M.B. Wise, Nucl. Phys. B339 (1990) 269.
[84] R. Grigjanis, P.J. O'Donnell, M. Sutherland and H. Navelet, Phys. Lett. B213
(1988) 355; Phys. Lett. B286 (1992) 413 E.
[85] M. Ciuchini, E. Franco, G. Martinelli, L. Reina and L. Silvestrini, Phys. Lett.
B316 (1993) 127.
[86] M. Ciuchini, E. Franco, L. Reina and L. Silvestrini, Nucl. Phys. B421 (1994)
41.
[87] G. Cella, G. Curci, G. Ricciardi and A. Vicere, Phys. Lett. B325 (1994) 227.
[88] G. Cella, G. Curci, G. Ricciardi and A. Vicere, Nucl. Phys. B431 (1994) 417.
[89] K. Adel and Y.P. Yao, Modern Physics Letters A8 (1993) 1679; Phys. Rev. D
49 (1994) 4945.
[90] A. Ali, and C. Greub, Z.Phys. C60 (1993) 433.
[91] A. Ali, and C. Greub, Z.Phys. C49 (1991) 431, Phys. Lett. B259 (1991) 182.
[92] A. J. Buras, M. Misiak, M. Munz and S. Pokorski, Nucl. Phys. B424 (1994)
374.
[93] R. Ammar et. al. (CLEO), Phys. Rev. Lett. 71 (1993) 674.
22
[94] M.S. Alam et. al (CLEO), CLEO 94-25.
[95] M. Ciuchini, E. Franco, G.Martinelli, L. Reina and L. Silvestrini, Phys. Lett.
B334 (1994) 137.
[96] W. S. Hou, R. I. Willey and A. Soni, Phys. Rev. Lett. 58 (1987) 1608.
[97] B. Grinstein, M. J. Savage and M. B. Wise, Nucl. Phys. B319 (1989) 271.
[98] R. Grigjanis, P. J. O'Donnell, M. Sutherland and H. Navelet, Phys. Lett. B223
(1989) 239.
[99] G. Cella, G. Ricciardi and A. Vicere, Phys. Lett. B258 (1991) 212.
[100] A. Falk, M. Luke and M.J. Savage, Phys. Rev. D 49 (1994) 3367.
[101] A.P. Heinson et al. (BNL E791), Phys. Rev. D 51 (1995) 985;
[102] T. Akagi et al. (KEK 137), Phys. Rev. Lett. 67 (1991) 2618; KEK Report No.
94-151, 1994.
[103] M. Savage and M. Wise, Phys. Lett. B 250 (1990) 151. M. Lu, M. Wise and M.
Savage, Phys. Rev. D 46 (1992) 5026; G. Belanger, C.Q. Geng and P. Turcotte,
Nucl. Phys. B390 (1993) 253.
[104] C.O. Dib, I. Dunietz and F.J. Gilman, Mod. Phys. Lett. A 6 (1991) 3573.
[105] D. Rein and L.M. Sehgal, Phys. Rev. D 39 (1989) 3325; J.S. Hagelin and L.S.
Littenberg, Prog. Part. Nucl. Phys. 23 (1989) 1; M. Lu and M.B. Wise, Phys.
Lett. B 324 (1994) 461.
[106] M.S. Atiya et al. Phys. Rev. Lett. 70 (1993) 2521.
[107] M. Weaver et al, Phys. Rev. Lett. 72 (1994) 3758.
[108] R. Patterson, in the proceedings of the XXVII HEP-Conference (Glasgow 94).
p. 149.
[109] A.J. Buras, Phys. Lett. B 333 (1994) 476.
[110] A.J. Buras, "CP Violation: Present and Future" TUM-T31-64/94, hep-ph
9406272.
[111] I.I.Y. Bigi and A.I. Sanda, Nucl. Phys. B 193 (1981) 85.
[112] Y. Nir and H.R. Quinn in " B Decays ", ed S. Stone (World Scientic, 1994), p.
520; I. Dunietz, ibid p.550 and refs. therein.
[113] M. Gronau and D. London, Phys. Rev. Lett. 65 (1990) 3381, Phys. Lett. B
253 (1991) 483; Y. Nir and H. Quinn, Phys. Rev. D 42 (1990) 1473, Phys. Rev.
Lett. 67 (1991) 541; R. Aleksan, I. Dunietz, B. Kayser and F. Le Diberder, Nucl.
Phys. B 361 (1991) 141.
[114] M. Gronau, J.L. Rosner and D. London, Phys. Rev. Lett. 73 (1994) 21 and refs.
therein; R. Fleischer, Phys. Lett. B 332 (1994) 419.
[115] M. Gronau and D. Wyler, Phys. Lett. B 265 (1991) 172.
[116] A. Ali and D. London, CERN-TH-7398-94.
[117] G. Buchalla and A.J. Buras, Phys. Lett. B 333 (1994) 221.
[118] L.S. Littenberg, Phys. Rev. D 39 (1989) 3322.
[119] A.J. Buras and M.K. Harlander, A Top Quark Story, in Heavy Flavors, eds. A.J.
Buras and M. Lindner, World Scientic (1992), p.58.
[120] H. Leutwyler and M. Roos, Zeitschr. f. Physik C25 (1984) 91; J.F. Donoghue,
B.R. Holstein and S.W. Klimt, Phys. Rev. D 35 (1987) 934.
